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Introduction
Hyponatremia, defined as a serum sodium level <135 mEq/L, is a well-established marker of poor prognosis in patients with heart failure (HF) and has been described in approximately 20-25% of those admitted to the hospital with acute decompensated heart failure. [1] [2] [3] [4] The pathogenesis of hyponatremia in HF is complex but is closely linked to excessive neurohumoral activation, namely increased sympathetic tone and upregulation of the renin-angiotensin-aldosterone system (RAAS). [5] Studies that have illustrated an association with adverse outcomes and hyponatremia in HF have largely consisted of homogeneous study populations with respect to race. In studies performed in the United States and Europe, most subjects included have been white and a variable percentage have been African American, ranging from 0-40%. [2] [3] [4] [6] [7] [8] [9] [10] There are studies that have shown an association between hyponatremia and poor outcomes in HF in all-Asian cohorts. [11] [12] [13] In addition, there are very few studies in all-Hispanic populations. [14, 15] However, there are no multi-racial cohort studies on this topic that have consisted of a large percentage of Hispanic patients.
The impact of race on HF outcomes is not fully elucidated although it has been studied previously. [16] [17] [18] Some of these studies have highlighted an association between race and different RAAS activity. Consequently, it is possible that the clinical significance of hyponatremia in HF differs among racial groups. Thus, the aim of our study was to analyze whether the impact of hyponatremia in a multi-racial population of patients with HF differs based on race, specifically with respect to clinical outcomes and prognosis.
Materials and methods

Patient selection
We retrospectively reviewed consecutive patients who were admitted to Montefiore Medical Center for acute decompensated HF and who had a serum sodium level <135 mEq/L on admission from January 1 st 2001 through December 31 st 2010. Patients were included regardless of etiology or classification of heart failure (i.e. HF with reduced or preserved ejection fraction). Patients <18 years old, those with no sodium level on admission and those with no available data regarding self-reported race were excluded from the study. Baseline data was collected from the electronic medical record using the hospital's electronic patient information database (Clinical Looking Glass, Emerging Health Information Technology: Yonkers, NY). Collected data included demographics, comorbidities, medications, admission serum sodium levels, and most recent ejection fraction on transthoracic echocardiogram (TTE). Self-reported race was obtained from documentation in the electronic health record. Patients were divided into four groups based on race: African American, white, Hispanic and other. The 'other' group included all races not included in the previous three groups. Patient mortality and readmission data were also obtained from Clinical Looking Glass, which captures all dates of death from the National Death Index and from the hospital's inpatient record. Readmission data only included readmissions to Montefiore Medical Center.
The primary outcome was all-cause mortality. Patients were censored by death and lost-to-follow-up. Survival analysis occurred through December 2011. This study complies with principles declared in the Declaration of Helsinki and was approved by the Albert Einstein College of Medicine Institutional Review Board.
Statistical analysis
Continuous variables are presented as medians and categorical data is shown as numbers and percentages. Medians were compared using the Kruskal-Wallis test and proportions were compared using the Chi-squared test. Multivariate Cox proportional hazard models were conducted in the overall study population as well as in each race group adjusting for: race, age, sex, diabetes (DM), hypertension (HTN), hyperlipidemia (HLD), chronic kidney disease (CKD), atrial fibrillation (AF), coronary artery disease (CAD), peripheral vascular disease, prior stroke, prior myocardial infarction, chronic obstructive pulmonary disease, malignancy, angiotensinconverting enzyme inhibitor or angiotensin receptor blocker (ARB), beta blocker, spironolactone, digoxin, loop diuretic use, hydralazine/isosorbide dinitrate (ISDN) use, history of implantable cardioverter-defibrillator implantation, inotrope use during admission, serum creatinine levels on admission and ejection fraction (EF). We performed these analyses adjusting for potential confounders (i.e. DM, HTN, PVD etc.) given their known association with both exposure and outcomes. [19] [20] [21] Further subgroup analysis was performed stratifying by heart failure with reduced ejection fraction (HFrEF) versus heart failure with preserved ejection fraction (HFpEF). All models were pre-specified in our analysis and p-value of <0.05 was arbitrarily used as cutoff for significance. Comorbidities and medication use were collected at hospital admission. Proportional Hazard assumption was checked using log-log plot of survival. P-values were arbitrarily considered significant if lower than 0.05. Statistical analyses were performed using STATA 14.0.
Results
A total of 4,343 patients were included in the study, of which 1248 (29%) patients self-identified as African American, 1,356 (31%) as white, 780 (18%) as Hispanic and 959 (22%) patients were categorized as other. Baseline data is summarized in Table 1 including demographics, comorbidities, medications and EF among the four different racial groups. As shown in Table 1 , the median sodium level across all groups was 133 mEq/L, with no significant difference among them (p = 0.27). Whites were oldest and had the highest rates of AF, CAD, peripheral vascular disease and chronic obstructive pulmonary disease compared to other groups (p<0.01). They also had the lowest proportion of ACE inhibitor use among the four groups (p<0.01). African American patients were the youngest and had the highest rates of CKD but the lowest rates of CAD and prior myocardial infarctions.
Moreover, Hispanics had a higher proportion of DM, HTN, HLD, CKD, prior myocardial infarction and stroke as compared to the other groups. In addition, Hispanics also had the highest proportions of ACE inhibitor/ARB, beta blocker and implantable cardioverter-defibrillator use among the groups. There was no statistical difference among proportions of 30-day readmissions, ranging from 20-22% in each group ( Table 1) .
As shown in Table 2 , 2,384 patients died during a median follow-up of 23 months. Of those who died, 678 were African American, 820 were white, 298 were Hispanic and 588 were other. The event rate among Hispanics was 8.5 deaths per 1000 person-months compared to 15.5 deaths per 1000 person-months in African Americans, 21.7 in whites and 20.9 in the other group. In the unadjusted survival analysis, both whites and those who were categorized as 'other' had an increased risk of death as compared to African American patients (HR 1.4, CI 1.2-1.5, p<0.001 and HR 1.3, CI 1.2-1.5, p<0.01 respectively). In contrast, Hispanics had 44% less risk of death as compared to African Americans (HR .56, CI .49-.64, p<0.01).
After adjusting for all baseline demographic variables, cardiovascular risk factors and medications shown in Table 3 , Hispanics still had a significantly less risk of death as compared to African Americans (HR .55, CI .48-.64, p<0.01). However, there was no significant difference in mortality risk between whites and African Americans (HR 1.04, CI .92-1.2, p 0.53). PVD, n (%) 189 (15) 234 (17) 127 (16) 125 (13) 0.04
Stroke, n (%) 187 (15) 186 (14) 131 (17) 135 (14) 0.25 MI, n (%) 317 (25) 441 (32) 279 (36) 291 (30) <0.01 (24) 442 (32) 180 (23) 256 (27) <0.01
Malignancy, n (%) 152 (12) 168 (12) 67 (9) 82 (9) <0.01
Beta Blocker, n (%) 1032 (83) 1042 (77) 662 (85) 751 (78) <0.01
Spironolactone, n (%) 361 (29) 363 (27) 219 (28) 279 (29) 0.56
Digoxin, n (%) 397 (32) 551 (40) 194 (25) 358 (37) <0.01
Hydralazine/ISDN, n (%) 147 (12) 89 (7) 93 (12) 90 ( (16) 165 (12) 173 (22) 108 (11) <0.01
Inotropes, n (%) 147 (12) 159 (12) 57 (7) 154 (16) <0.01 Furthermore, the increased risk of death in the 'other' group persisted even after multivariate analysis (HR 1.4, CI 1.3-1.6, p<0.01). In addition, further multivariate analysis models were performed in patients with hyponatremia stratifying by each group, as shown in Table 4 . In African American patients, older age (HR 1.02, CI 1.02-1.03, p<0.01) CKD (HR 1.4, CI 1.1-1.7, p<0.01), chronic obstructive pulmonary disease (HR 1.28, CI 1.05-1.55, p = .01), PVD (HR 1.3, CI 1.1-1.7, p = .02) and higher creatinine levels (HR 1.1, CI 1.0-1.1, p<0.01) on admission were significantly associated with higher mortality. Among whites, higher mortality risk was associated with older age (HR 1.03, CI 1.02-1.04, p<0.01), CKD (1. A subgroup analysis stratifying patients with heart failure with a reduced ejection fraction (HFrEF) and those with heart failure with a preserved ejection fraction (HFpEF) was also performed ( Table 5) . Patients with an ejection fraction <40% on transthoracic echocardiogram were categorized as HFrEF and those with an ejection fraction >40% were considered to have HFpEF. This model illustrated similar outcomes compared to the total study population. Among HFrEF patients, there was no mortality difference among African Americans and whites (HR .98, CI .80-1.2, p = 0.83), there was an increased mortality risk in the other group compared to African Americans (HR 1.3, CI 1.1-1.6, p = 0.01) and Hispanics still had a lower risk of death compared to African American patients (HR .53, CI .42-.67, p<0.01). Similar outcomes were present in patients with HFpEF (Whites HR 1.04, CI .89-1.2, p = 0.62, Hispanics HR .57, CI .47-.69, p<0.01, and other HR 1.5, CI 1.3-1.8, p<0.01).
Discussion
The results of our study highlight that patients admitted for acute decompensated HF and who are hyponatremic on admission consist of a high-risk population, yet within this high-risk cohort, the risk of mortality differs based on race. In particular, our data suggests that Hispanics patients with HF and hyponatremia have a lower mortality risk as compared to African Americans, whereas African Americans and whites have similar mortality risk after multivariate adjustment. The poor prognostic role of hyponatremia in HF has been established in past studies. These studies have illustrated that hyponatremia is associated with multiple adverse outcomes including: worse short and long-term mortality, readmission rates and length of hospital stay. [2-4, 7, 9] However, these trials consisted of rather homogenous study populations and very few analyzed whether race was independent factor associated with poor outcomes. In the United Kingdom Heart Failure Evaluation and Assessment of Risk Trial (UK-HEART), which consisted of chronic ambulatory HF patients, 100% of the cohort was white. [10] In an analysis of hyponatremic patients in the Outcomes of a Prospective Trial of Intravenous Milrinone for Exacerbations of Chronic Heart Failure (OPTIME-CHF) 72% of the cohort was white and 25% were black and race was not a significant predictor of outcomes. [3] Similarly, in the Organized Program to Initiate Lifesaving Treatment in Hospitalized Patients with Heart Failure (OPTIMIZE-HF) registry, approximately 81% of the hyponatremic patients were white and 11% were black. [1] In many of other studies on this topic, race is not even mentioned as a variable in the baseline data. [4, 8, [22] [23] [24] What is salient is that Hispanics are poorly represented in mostly all these studies. Our study is unique in that approximately 18% of the patients included were Hispanic, over 1/3 rd of whom died during the study period.
The role of race in HF has also been studied previously. [18, 25] However, to our knowledge, the association between race and outcomes among hyponatremic patients with acute HF has not been analyzed before in a large multi-racial cohort. Our study results, which show a reduced mortality risk among Hispanics patients with acute HF and hyponatremia compared to African Americans, are consistent with overall HF mortality data in the United States. The National Center for Health Statistics (NCHS) data on HF mortality from 2000-2014 illustrated a higher age-adjusted HF mortality among African Americans (91.5 deaths per 100,000) as compared to Hispanics (53.3 deaths per 100,000). In addition, whites had a lower age adjusted risk than African Americans but higher than Hispanics (87.3 deaths per 100,000). [26] It is unknown what percentage of these patients included in this data were hyponatremic. Moreover, our analysis included models that were fully-adjusted by several risk factors associated with mortality in HF patients.
Other studies have shown conflicting data with regards to HF outcomes and race, yet, the majority of these studies were different with respect to inclusion criteria and studied outcomes. [18, 25, 27] Our study demonstrates that even within this cohort of severe HF patients, signified by the presence of hyponatremia, race plays a major prognostic role. Our study also provides further data emphasizing the importance in factoring race in management and prognostic decisions and the need for future studies analyzing the impact of race on HF outcomes.
The reduced mortality risk of Hispanics which was found in our analysis needs further study, however there are various explanations which can be suggested. First, our results reflect the idea that a) hyponatremia is closely linked to excessive activation of RAAS and b) RAAS activity has been shown to differ depending on one's race. [7, 16] For example, African Americans have lower baseline renin levels compared to whites and Hispanics have been shown to have higher plasma renin activity. [28] [29] [30] As such, it is possible that hyponatremia in African Americans signifies a more severe state of heart failure as compared to Hispanics given the approach that African Americans ordinarily have less RAAS activation. In contrast, hyponatremia in Hispanics, although implicating a poor prognosis in HF, connotes a less critical state from their higher plasma renin activity.
Moreover, as shown in Table 5 , our findings were similar in both patients with HFrEF and HFpEF. Prior studies have illustrated that hyponatremia is a poor prognostic marker in patients with HFpEF as well but they did not analyze the role of race in these findings. [22, 31] While the pathophysiology of HFpEF differs compared to HFrEF, there is still evidence that increased RAAS activation plays a major role. [32, 33] As such, this could explain why, despite the disparate pathophysiology of HFpEF compared to HFrEF, Hispanics with HFpEF have a lower mortality risk compared to other races with HFpEF.
Second, in our study, Hispanics had the highest rates of ACE inhibitor and beta blocker use. Given the circumstance that Hispanics have higher baseline renin levels, it is possible that these medications, which block RAAS activation and the sympathetic nervous system, are more effective in Hispanics as compared to other racial groups and consequently portend an improved survival benefit. [34] While past studies have illustrated a differential survival benefit among African Americans and whites with ACE inhibitors, Hispanics were not included in the study population. [35, 36] That being said, in our study, the use of ACEI and BB did not illustrate a differential survival benefit among the racial groups after multivariate analysis.
A third hypothesis to explain our results relates to the phenomenon known as the 'Hispanic paradox.' In our study, despite having higher rates of comorbid cardiovascular risk factors such as HLD, HTN, DM, CKD and prior myocardial infarction, Hispanics still had reduced mortality risk. Multiple epidemiological studies have illustrated that although Hispanics often have higher rates of cardiovascular risk factors and lower socioeconomic status, they have lower cardiovascular and all-cause mortality. [37] [38] [39] While this paradox has not been well elucidated and is controversial, our data is consistent with these prior studies which show a lower mortality risk among Hispanics despite a higher risk profile. It is possible that there is some protective genetic or environmental factor that could explain these findings, one that is applicable even in our study cohort of high-risk HF patients with hyponatremia.
Limitations
There are several important limitations of our study worth noting. 1) The study was retrospective in nature and although many confounding variables were adjusted for in our multivariate analysis, additional confounding factors (i.e. lifestyle or behavioral risk factors, other comorbidities) cannot be excluded. 2) More than 20% of the study population were categorized as other, which consisted of patients of all other races not included in the other three groups of our study. The percentage of Asians or Middle Easterners is unknown in our study. It is important to note that our data showed that the mortality risk of this group was considerably higher compared to African Americans. Yet, this data is difficult to interpret with respect to the racial impact on mortality in this study population given the heterogeneity of this group 3) Being Hispanic is technically not a race, but an ethnicity, and Hispanics can theoretically identify with any racial group. However, in the 2010 census data, almost 40% of Hispanics chose 'Other Race' and wrote 'Latino or Hispanic' as opposed to choosing one of the races provided such as white or black. [40] Hispanics in our study cohort were only identified as Hispanics yet it is difficult to exclude entirely whether any of these patients were in fact associated with another racial group. 4) A majority of patients did not have brain natriuretic peptide levels measured at admission, which could have been used as a marker for heart failure severity in our study population 5) Mortality data was captured using the National Death Index. As such, there is a possibility that deaths occurring outside the United States were not included, but otherwise there was no loss to follow-up. In addition, we did not have access to disease-specific mortality data and thus do not know what percentage of deaths were due to a cardiovascular cause 6) 30-day readmission data only included readmissions to Montefiore Medical Center and thus is not necessarily an accurate assessment of the impact of race on readmissions in this study population.
Conclusion
Our study suggests that there is a differential mortality risk based on race in patients with hyponatremia and HF. Particularly, Hispanics with HF and hyponatremia seem to have a lower mortality risk. This may be due to the disparate activity of the RAAS, which plays a major role in the pathophysiology of hyponatremia in HF, among various racial groups. This observational study is hypothesis generating and suggests that treatment of patients with HF and hyponatremia should perhaps be focused more on RAAS reduction in certain racial groups, yet less in others. However, further studies are needed to examine the racial impact on RAAS activity and its effect on clinical outcomes in patients with HF and hyponatremia.
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